• Extraction of polysaccharides from millet • Response surface methodology was used • Liquid-solid ratio, extraction time and extraction temperature were discussed • Model was set up to optimization extraction of polysaccharides • The best extraction methods were liquid-solid ratio 20.7/1 mL·g -1 , 2.0 h and 72.3 °C
from plants, epiphyte and animals have drawn the attention of researchers and consumers.
Response surface methodology (RSM) is an effective statistical technique for optimizing complex processes. It is widely used in optimizing the extraction process variables, such as polysaccharides, anthocyanins, vitamin E, phenolic compounds and protein from varied materials [5] [6] [7] [8] [9] [10] [11] .
Non-starch polysaccharides extracted with hot water and polyphenols extracted with suitable solvents from millet have been reported [12] [13] , whereas little attention has been devoted to the extraction of foxtail millet polysaccharides. Therefore, we report the optimization of extracting parameters for the production of foxtail millet polysaccharides. In this study, the main objective was to optimize technology conditions for the extraction of polysaccharides from foxtail millet. Once extracted and with no stirring in the extraction process, the influence of liquid-solid ratio (deionized water volume with foxtail millet powder mass, 15.0-35.0 mL·g -1 ), extraction time (0.5-2.5 h), and extraction temperature (55.0-75.0 °C) on the yield of polysaccharides were studied. Based on this, response surface methodology was designed to optimize technology of extraction and to systemically analyze the effects of extraction parameters on the yields of polysaccharides from foxtail millet and their interactions.
MATERIALS AND METHODS

Materials and equipment
The foxtail millet was obtained from Chifeng marine product corporation, Neimenggu, China, 2012 of harvest. It was dried at constant temperature of 60.0 °C in an electrothermal blast oven (DHG-9123A, Precision Experimental Facilities Co. Ltd., Shanghai, China) for 4 h to constant mass, and then broken up to flour using a multifunctional masher (HL-26, Hailin electric limited company, Shanghai, China). The resultant flour was sieved into a particle size of 20-mesh. The flour was then packaged in a low density polyethylene bag for later extraction. The temperature was controlled by thermostatic water bath (DK-S24 Jing Hong Experimental Facilities Co. Ltd., Shanghai, China). The filtrate was concentrated in a rotary evaporator (RE52CS Yarong Biochemistry Instrument Plant, Shanghai, China). An electronic balance (BS124S Sartorius Instrument System Co. Ltd., Beijing, China) was used to weigh. A spectrophotometer (722E Shanghai Spectrum Instruments Co. Ltd., Shanghai, China) was used to examine concentration of polysaccharides content. All reagents were of analytical grade.
Extraction of polysaccharides
Five grams of dry foxtail millet powder was extracted with deionized water (liquid-solid ratio ranging from 15.0 to 35.0 mL·g -1 ), while the temperature of the water bath was kept steady for a given temperature (within ±0.1 °C, extraction temperature ranging from 55.0 to 75.0 °C). The mash in a 500 ml three-neck flask was soaked in the thermostatic water bath with no stirring for a given time (extraction time ranging from 0.5 to 2.5 h) during the entire extraction process. After extraction, the mash was rapidly cooled to room temperature using water and then vacuum-filtered through Whatman filters. The millet was extracted once. The filtrate was concentrated to one-fifth of initial volume using a rotary evaporator at 60.0 °C under vacuum. The resulting solution was mixed with four volumes of dehydrated ethanol (ethanol final concentration, 80%). Then the solution was centrifuged at 4000 rpm/min for 15 min, washed three times with dehydrated ethanol, and the precipitate was collected as crude extract. The extract was air-dried at 50 °C until its weight was constant, and then was weighted with a balance. The extraction procedure was repeated twice.
Analysis of samples
The content of polysaccharides in extract was determined by the phenol-sulphuric acid colorimetric method at 485 nm [14] , used glucose as standard, and the results were then expressed as glucose equivalents. Then the polysaccharides yield (mg·g -1 ) was calculated as:
where Y is the yield of polysaccharides, mg·g -1 ; V is the total volume of the coarse polysaccharides dissolved after the constant volume, L; M is dosage of raw material millet, g; X is concentration of polysaccharides in solution, mg·L -1 . X was calculated as:
where A is the absorbance of polysaccharides solution at 485 nm.
Experimental design
A three-level, four-variable Box-Behnken Factorial Design [15] and Design Expert Software (version 7.1.6, Stat-Ease Inc., Minneapolis, MN) were applied to determine the best combination of extraction variables for the yields of foxtail millet polysaccharides. Four extraction variables considered for this research were, liquid-solid ratio (mL·g -1 , X 1 ), extraction time (h, X 2 ), and extraction temperature (°C, X 3 ) [16] and the proper range of four variables was determined on the basis of single-factor experiments. The yield of the extracted polysaccharides was the dependent variables. The complete design consisted of 17 experimental points (including five replicates of the center point) and the experiment was carried out in a random order. Experimental data were fitted to a quadratic polynomial model and regression coefficients obtained. The non-linear computer generated quadratic model used in the response surface was:
where Y is the measured response associated with each factor level combination; β 0 , β i , β ii and β ij are constant regression coefficients of the model, while X is the code levels of independent variables. The terms X i X j and X i 2 represent the interaction and quadratic terms, respectively. The three-dimensional plots were drawn by keeping two variables constant at the center point and varying the other two variables within the experimental range.
Statistical analyses
The responses obtained from each set of experimental design were subjected to multiple non-linear regressions by using the Design Expert Software. The quality of the fit of the polynomial model equation was expressed by the coefficient of determination R 2 and the significance of the regression coefficient was checked by F-test and p-value.
RESULTS AND DISCUSSION
Investigation of single factor
Effects of liquid-solid ratio on the yield of polysaccharides Different ratio of liquid-solid ratio could significantly affect the extraction yield. If ratio of liquid-solid ratio is too small, polysaccharides in raw material cannot be completely extracted up. If the liquid-solid ratio is too high, it will cause high process cost [17] . The effect of different liquid-solid ratio on the yield of polysaccharides at extraction time 1.5 h and extraction temperature of 70.0 °C is represented in Figure 1 . The yield of polysaccharides increased significantly with increasing liquid-solid ratio from 15.0 to 20.0 mL·g -1 , the yield reached a maximum at 20.0 mL·g -1 , due to the increase of the driving force for the mass transfer of the polysaccharides with the increase of the liquid-solid ratio [18] . However, when the ratio continued to increase, the yields decreased a little. These results are in good agreement with the earlier observations [19, 20] . Thus, liquid-solid ratio of 20.0 mL·g -1 was favorable for producing the polysaccharides. Effects of extraction time on the yield of polysaccharides Extraction was carried out at different time conditions while liquid-solid ratio and extraction temperature were fixed at 20.0 mL·g -1 and 70.0 °C, respectively. Figure 2 shows that the polysaccharides yield increases with extraction time, and reaches its maximum at 2.0 h. This might be due to the time requirement of the foxtail millet cell-wall to break, and the liquid to permeate into the dried powdered material, dissolve the polysaccharides and subsequently diffuse out from the material to the exterior solvent. It has been reported that a long extraction time favors the production of polysaccharides [21] . However, the polysaccharides yield decreased after 2.0 h. It is inferred that long extraction time induced the degradation of polysaccharides dissolved in solution, and the yield of polysaccharides decreased [22] . Therefore, extraction time of 2.0 h was considered to be optimal in the present experiment. 
Effects of extraction temperature on the yield of polysaccharides
The effect of the extraction temperature on the yield of polysaccharides is shown in Figure 3 . Extraction was carried out at different extraction temperatures of 55.0, 60.0, 65.0, 70.0 and 75.0 °C at a liquid-solid ratio 20.0 mL·g -1 and extraction time of 2.0 h. As shown in Figure 3 , the yield of polysaccharides significantly increased when extraction temperature increased from 55.0 to 70.0 °C, and then increased slowly with increasing extraction temperature; the maximum yield was observed when extraction temperature was 70.0 °C. It may be that the increase of the extraction temperature lowers the solvent viscosity, thereby improving the solvent and solute diffusivity within the extraction system, which enhanced the solubility of polysaccharides in solution [23] . This tendency is in agreement with reports of other authors in extracting polysaccharides [24] . However, too high of a temperature will make polysaccharide denaturation and yield reduce. This result is consistent with the earlier observation [19] . Therefore, extraction temperature of 70.0 °C was considered to be optimal in the present experiment. According to the single-parameter study, we adopted the liquid-solid ratio of 15.0-25.0 mL·g -1 , extraction time of 1.5-2.5 h and extraction temperature of 65.0-75.0 °C (Table 1) for RSM experiments.
The results of optimization by response surface methodology
Model fitting
The codes and levels of factors were chosen on the basis of single-factor experiments ( Table 1 ). The experiment design proposal and the yields are shown in Table 2 . The regression analysis results are shown in Table 3 .
A regression analysis (Table 3) was carried out to fit mathematical models to the experimental data aiming at an optimal region for the responses studied. The analysis of variance by ANOVA (Table 3) showed that this regression model was highly significant (p < 0.01) with F value of 92.13. The F value of 1.38 for lack of fit implies that it is not significant comparing to the pure error. The fitness of the model was further confirmed by a satisfactory value of determination coefficient, which was calculated to be 0.9916, indicating that 99.16% of the variability in the response could be predicted by the model (Table 4) . The value of the adjusted determination coefficient (adjusted R 2 = 0.9809) also confirmed that the model was highly significant. As shown in Table 3 , the variable with the largest effect was the X 1 , which was extremely significant at p < 0.0001, followed by the other linear terms of X 2 and X 3 , which were also extremely significant at p < 0.01. It also can be seen from Table   3 that thequadratic term coefficients (X 1   2 , X 2  2 and X 3   2   ) were also extremely significant, with small p-values (p < 0.00001). The other term coefficients were not significant (p > 0.05) on the yield.
Analysis of response surface
The relationship between the responses and the experimental variables can be illustrated graphically to investigate the interactions of the variables and to determine the optimal level of each variable for the maximum response by plotting three-dimensional response surface plots [25] . Each plot shows a pair of factors by keeping the other factor constant at its middle level. Contour plots and response surface plots of polysaccharide yield as function of different conditions are shown in Figure 4 . The 3D plot in Figure 4b shows the effects of liquid-solid ratio and extraction time on yield. It can be seen that contributions of liquid-solid ratio and extraction time to the effects on yield were similar, first showing an increase and then decrease in yield with increase in liquid-solid ratio and extraction time. Figure 4d showed that the changed trend of yield with increase in liquid-solid ratio and extraction temperature was first increased and then decreased, but the influence of extraction temperature was greater for liquid-solid ratio. The yield was affected by varying extraction time and extraction temperature (Figure 4f ). It indicated that the yield first increased and then decreased with increase in extraction time and extraction temperature, and extraction temperature was the major factor affecting yield. Interestingly, Figure  4d and f commonly demonstrated that extraction temperature was the major factor among the three factors causing significant effects on yield. This finding was consistent with the previous literature on polysaccharides [24, 26] .
The optimum conditions of extraction of polysaccharides from foxtail millet predicted by regression model were as follows: liquid-solid ratio 20.7 mL·g -1 , extraction time 2.0 h, and extraction temperature 72.3 °C. Under these conditions, the experimental yield was 8.08 mg·g -1 .
Verification of the models
The optimum conditions were used to do the experiment of foxtail millet polysaccharides extraction in order to verify the prediction from the model. The parallel experiments were carried out three times at liquid-solid ratio 20.7 mL·g -1 , extraction time 2.0 h, extraction temperature 72.3 °C. The average value of practical yield of polysaccharide was 8.08±0.13 mg·g -1 (n = 3), the relative error was +0.7% compared with predicted yield of 8.02 mg·g -1 . The results of the analysis confirmed that the response model was adequate for reflecting the expected optimization and the model of Eq. (4) was satisfactory and accurate. CONCLUSION RSM was used to determine the optimum process parameters that gave a high extraction yield. ANOVA showed that the effects of all variables (i.e., liquid-solid ratio, extraction time and extraction temperature) and their quadratics were extremely significant. The quadratic polynomial mathematical model had higher correlation and could be employed to optimize polysaccharides extraction from foxtail millet technology. The optimal extraction conditions were determined as follows: liquid-solid ratio 20.7 mL·g -1 , extraction time 2.0 h, extraction temperature 72.3 °C. Under the optimum conditions, the predicted yield of polysaccharides could reach 8.02 mg·g -1 , and practical yield was 8.08 mg·g -1 , which agreed closely with the predicted yield value.
